Calcium- and membrane-induced changes in the structure and dynamics of three helical hairpins in annexin B12.
Annexins are a family of soluble proteins that can undergo reversible Ca(2+)-dependent interaction with the interfacial region of phospholipid membranes. The helical hairpins on the convex face of the crystal structure of soluble annexins are proposed to mediate binding to membranes, but the mechanism is not defined. For this study, we used a site-directed spin labeling (SDSL) experimental approach to investigate Ca(2+) and membrane-induced structural and dynamic changes that occurred in the helical hairpins encompassing three of the four D and E helices of annexin B12. Electron paramagnetic resonance (EPR) parameters were analyzed for the soluble and Ca(2+)-dependent membrane-bound states of the following nitroxide scans of annexin B12: a continuous 24-residue scan of the D and E helices in the third repeat (residues 219-242) and short scans encompassing the D-E loop regions of the first repeat (residues 68-74) and the fourth repeat (300-305). EPR mobility and accessibility parameters of most sites were similar when the protein was in solution or in the membrane-bound state, and both sets of data were consistent with the crystal structure of the protein. However, membrane-induced changes in mobility and accessibility were observed in all three loop regions, with the most dramatic changes noted at sites corresponding to the highly conserved serine and glycine residues in the loops. EPR accessibility parameters clearly established that nitroxide side chains placed at these sites made direct contact with the bilayer. EPR mobility parameters showed that these sites were very mobile in solution, but immobilized on the EPR time scale in the membrane-bound state. Since the headgroup regions of bilayer phospholipids are relatively mobile in the absence of annexins, Ca(2+)-dependent binding of annexin B12 appears to form a complex in which the mobility of the D-E loop region of the protein and the headgroup region of the phospholipid are highly constrained. Possible biological consequences of annexin-induced restriction of membrane mobility are discussed.